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Summary 

It  has  been  shown  previously1  that  when  lapped 
AT-cut  quartz  plates  are  etched  In  a  saturated 
solution  of  ammonium  bifluorlde  (NH4F.HF) ,  the 
surface  roughness  decreases  with  Increasing  depth 
of  etching,  l.e.  the  plates  are  chemically  pol¬ 
ished.  Experiments  on  other  cuts  of  quartz  have 
shown  that  etching  In  n  saturated  solution  of 
ammonium  bifluorlde  can  also  polish  the  (singly 
rotated)  BT  and  ST-cuts,  but  not  the  (doubly 
rotated)  10°V.  FC,  IT  and  SC-cuts.  The  surfaces 
of  these  doubly  rotated  cuts  become  rougher  with 
lncreaulng  depth  of  etching  In  ammonium  bifluorlde. 

Experiments  aimed  at  finding  a  chemical  pol¬ 
ish  for  the  SC-cut  have  been  performed  with  a 
variety  of  etchants.  The  surface  morphologies 
of  etched  SC-cut  plates  depend  strongly  on  the 
compositions  of  the  etching  solutions.  Some  of 
the  solutions  evaluated  did  not  produce  chemical 
polishing  on  either  side  of  SC-cut  plates,  some 
produced  chemical  polishing  on  one  side  but  not 
the  other,  and  some  were  able  to  chemically  polish 
both  sides. 

Chemically  polished  (  Af/f0ff  “  15)  AT-cut 
5  MHz  5th  overtone  biconvex  resonators  have  exhib¬ 
ited  Q'a  as  high  as  2.7  million,  the  Q  of  10  MHz 
3rd  overtone  plano-convex  chemically  polished  AT- 
cut  resonators  was  0.98  million,  and  the  Q's  of 
5.3  MHz  fundamental  mode  chemically  polished  SC- 
cut  resonators  ranged  up  to  1.2  million.  Thus, 
at  least  up  to  10  MHz,  the  chemical  polishing 
does  not  produce  a  significant  Q-degradatlon. 
Etching  conditions  that  can  lead  to  activity  anom¬ 
alies  will  also  be  described. 

Key  Words.  Etching,  Polishing,  Chemical  Pol¬ 
ishing,  Quartz  Crystals,  Quartz  Resonators,  SC-cut. 

Introduction 

At  the  31st  Annual  Symposium  on  Frequency 
Control,  we  reported  that  when  lapped  AT-cut  plates 
are  etched  in  a  saturated  solution  of  ammonium 
bifluorlde  (NH4F.HF),  the  surface  roughness  de¬ 
creases  with  Increasing  depth, of  etching,  l.e,  the 
plates  are  chemically  polished.  Etching  a  3pa 
lapped  surface  to  a  depth  of  Af  ■  15  f0ff,  where 
f0  and  if  are  the  initial  and  final  frequencies. 


respectively,  In  MHzj  and  Af  is  the  difference 
between  the  two  frequencies,  in  kHz,  results  In 
a  surface  roughness  of  0.15/um  and  a  roughness 
angle  of  1.3°.  Chemically  polished  AT-cut  surfaces 
are  atomically  smooth  but  microscopically  undu¬ 
lating,  as  shown  In  the  scanning  electron  micro- 
oranh  of  Fieure  1. 


Figure  1  -  Chemically  Polished  AT-Cut.  Surface 

The  objectives  of  the  experiments  reported 
in  this  paper  were  to  deteravlne  if  other  Cuts  of 
quartz,  particularly  the  SC-cut,  can  be  similarly 
chemically  polished,  and  to  answer  the  question 
of  whether  or  not  the  chemical  polishing  produces 
an  inherent  Q  degradation. 

Experimental  Hethoda 

The  experiments  were  performed  mostly  on 
natural  quartz  plates  lapped  with  ljim  or  3jim 
MICROGRIT2  aluminum  oxide  abrasives.  The  main 
exceptions  were  the  ST-cut  plates,  which  were 
cultured  quartz.  The  reason  natural  quartz  was 
used  in  most  of  the  experiments  is  that,  as  we 
had  shown  previously,  when  cultured  quartz  plates 
are  etched  deeply,  the  results  can  vary  greatly. 
In  most  commercially  available  cultured  quartz, 
the  deep  etching  produces  large  numbers  of  etch 
channels  and  etch  pits  which  can  interfere  with 
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tk*  M«lMtion  of  the  eurfeee  topography. 

The  otohing  was  performed  10  directly  heated 
T«tf&ee  beakers*.  The  temperature  wee  controlled 
to  within  about  +  2°c,  and  vaa  measured  with  a 
TaUoa  coated  tharaoacter* .  The  carefully  cleaned 
qoarte  platea  vera  held  in  Teflon  fixtures,  and 
wa*e  agitated  during  etching. 

The  eurface  topographies  vere  evaluated  by 
scanning  electron  Microscopy  (SEM)  and  a  profile 
meter,  aa  daacrlbed  previously1.  All  SEM  Micro¬ 
graphs  vara  taken  at  a  60°  obsarvation  angle,  with 
the  ^-directions  being  along  the  top  to  bottoa 
direction  In  oach  Micrograph. 

The  NH.F.HF  solutions  vera  prepared  froa 
MH4F.HF  flakes1.  The  anaonluM  fluorlda  (NH4F) 
containing  solutions  vara  preparad  froa  prealxed 
401  solutions*.  The  HF  containing  solutions  vere 
prepared  froa  49%  HF  eolutlone°!r  The  concentra¬ 
tions  In  tha  various  mixtures  uaad  In  our  exper- 
laante  vera  deduced  from  the  relative  voluaee  used 
t©  prepare  the  eolutlone.  Tha  concentrations  were 
nog  Measured  independently. 

Mating  BT.  BT,  10°V.  FC.  IT  and  3C-cut  Flatee 

Etching  in  a  saturated  solution  of  ansoalua 
biflvorlde  produced  chemical  polishing  on  (the 
aftagly  rotated)  BT  end  ST-cut  plates,  but  not  on 
Ctl*  doubly  rotated)  10°V,  FC,  XT  end  SC-cut 
platos. 

When  lapped  BT-eut  platea  vera  etched  la  a 
MtuSatsd  solution  of  aewonlua  bi fluoride,  tho 
surfaces  became  enoothar  and  smoother  with  in¬ 
creasing  dspth  of  etching.  Figure  2  shove  en  SEM 
rntfetapreph  of  the  surfece  of  e  BT-cut  plate  which 
haf'been  etched  for  2  houra  at  70°C.  On  cariua 
MS4* 'polished  BT-cut  platea  that  vets  deeply 
etttted,  the  eurfeces  did  not  develop  the  etrlatlons 
oheerrsble  in  Figure  2.  The  surfaces  ranalnsd 
featureless,  except  at  dafecta  (such  aa  scratch 
ante)  which  era  attacked  preferentially  by  the 
•tehee t.  The  BT-cut  plates*  etch  rate  was  elx 
times-  slower  (In  'ur.it e  of  f0ff)  than  the  AT-cut 
pieces*  rate. 


BT-cut  cultured  quarts  plats#,  which  had  been 
Byton  polished  on  one  elds  end  rough  ground  on 
the  Other,  vere  etched  deeply  In  e  saturated  solu¬ 
tion  6f  eaaonlua  blfluorlde,  at  7S°C.  Figure  3 
shove  that  the  rough  ground  side  beceae  chemically 
polished.  The  surfece  topography  Is  slallar  to 
the  AT-cute’ .  Figure  4  shove  that  the  polished 
■14*  remained  polished.  The  surface  topography  ie 
Shhtvteless,  except  at  crystallographic  defects 
which  ere  attacked  preferentially  by  the  etchant, 
■dill  Figures  alee  show  the  presence  of  etch 
cMeaaels. 


Figure  3  -  Chemically  Polished  PT-cut  Surface 
Rough  Ground  Side 
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Figure  A  -  Chemically  Polished  ST-eut  Surface 
Polished  Side 
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Mien  the  etching  procedure  that  chemically 
polished  the  AT,  BT  and  ST-cuts  was  attempted  on 
the  (doubly  rotated)  10°V,  FC,  IT  and  SC-cuts,  the 
surfaces  did  not  become  smoother  and  smoother  with 
increasing  depth  of  etching,  but  remained  luster¬ 
less  in  appearance.  SEM  and  Talysurf  examinations 
revealed  that  as  the  etching  progressed,  the  sur¬ 
faces  became  rougher. 

figures  5-7  show  examples  of  the  surface 
topographies  of  doubly  rotated  cuts  after  deep 
etching  in  a  saturated  solution  of  ammonium 
Mfluorlde. 


Figure  5  -  Deeply  Etched  10°V-cut  Plate (NH^F.HF) 


Figure  7  -  Deeply  Etched  SC-cut  Plate  (NH^F.HF) 


Chemical  Poliahing  SC-cut  Plates 

As  discussed  previously1,  etching  will  produce 
chemical  polishing  when  the  etching  process  is 
diffusion  controlled.  Since  the  chemistry  of 
etching  quartz  is  not  fully  understood',  and  since 
the  rates  of  diffusion,  adsorption  and  desorption 
are  also  unknown,  ft  was  not  possible  to  predict 
the  etching  processes  that  could  produce  chemi¬ 
cally  polished  SC-cut  surfaces. 

A  series  of  etchants  were  therefore  evaluated. 
These  etchants  were  of  three  categories:  1.  hydro¬ 
fluoric  acid  (HF)  in  various  concentrations;  2. 
ammonium  bifluoride  (NH&F.HF)  in  various  concen¬ 
trations,  and  *3.  mixtures  of  40Z  ammonium  fluoride 
(NH^F)  with  49Z  HF,  in  various  ratios.  Mixtures 
of  such  "  buffered  fluoride"  solutions  of  NH^F  and 
HF  are  used  in  the  semiconductor  industry,  and 
are  commonly  referred  tc  by  the  ratios  of  the  two 
components.  For  example,  a  "5:1  solution"  is  a 
mixture  of  five  parts  (by  volume)  of  401  NH6F  with 
one  part  of  49Z  HF. 

Etching  SC-cut  plates  in  a  concentrated  49Z 
HF  solution  at  40°C  produced  surfaces  which  were 
lusterless  in  appearance.  Examination  of  the 
surfaces  by  SEM  indicated,  however,  that  the  sur¬ 
face  topographies  of  these  deeply  etched  (  A  f  ■ 

26  W  SC-cut  plates  differed  considerably  from 
the  topographies  of  plates  etched  to  the  same 
depth  in  the  saturated  solution  of  NH^r.HF  at  70°C. 
Moreover,  although  both  sides  of  the  plates  were 
rough,  the  topographies  of  the  two  sides  were  dif¬ 
ferent,  as  is  illustrated  in  Figure  8.  Differences 
between  the  two  sides  of  the  plates  etched  in 
saturated  NH^F.HF  were  also  notlcable,  but  ware 
much  less  obvious. 


Figure  6  -  Deeply  Etched  FC-cut  Plate (NH^F.HF) 
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figure  8  -  Two  Sides  of  an  SC-cut  Plate  Deeply 
Etched  In  49Z  HF 


One  can  explain  the  different  topographies  on 
the  two  aides  of  SC-cut  (and  other  doubly  rotated) 
plates  by  reviewing  the  etching  studies  performed 
by  Bond  and  others ® between  1689  and  1940,  or  the 
paper  by  Suda  et.  al.  In  these  Proceedings.  In 
the  early  experiments,  it  was  found  that  polisbdd 
quartz  spheres,  when  etched  in  concentrated  HP, 
dissolved  in  a  highly  anisotropic  manner.  The 
dissolving  spheres  took  on  a  "triangular,  lenti¬ 
cular  appearance",  as  shown  In  Figure  9. 

Since  the  etching  progresses  uuch  faster  along 
the  +X  direction  than  along  the  -X,  and  since  the 
thlcknesB  direction  of  doubly  rotated  plates  have 
a  cotnpone it  along  the  X-dlrection,  the  two  sides 
of  doubly  rotated  plates  will  etch  differently. 

For  example,  dramatic  variations  in  surface 
topographies  were  observed  for  SC-cut  plates  etched 
to  the  same  depth  in  different  solutions.  In 
Figure  8,  the  topographies  consist  of  arrays  of 
pyraald-llke  features.  As  the  HF  solution  was 
diluted  with  the  NH4F  solution,  the  pyramids  be- 
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ALONG  Y-AXIS  ALONG  Z-AXIS 

Figure  9  -  Deeply  Dissolved  Quartz  Sphere 

came  dome-l.ke  features  which  became  flatter  and 
flatter  as  the  HF  concentration  decreased.  Even¬ 
tually,  the  plates  became  chemically  polished  on 
one  side.  As  the  HF  was  further  diluted,  the 
plates  became  chemically  polished  on  both  sides. 

The  transitions  from  the  rough/rough  to  the 
rough/shiny  to  the  shiny/shiny  surface  topographies 
could  be  readily  observed  with  the  unaided  eye. 
Plates  etched  in  the  1:3,  1:1,  2:1  and  3:1  solu¬ 
tions  at  7S°C  became  polished  on  one  side  only. . 
Those  which  were  etched  at  75°C  in  the  4:1,  5:1 
and  10:1  solutions  became  polished  on  both  aides. 

Figure  10  shows  SEM  micrographs  of  the  two 
aides  of  an  SC-cut  plate  etched  in  tha  2:1  solu¬ 
tion  (  A  f  •  16  fDff).  Figure  11  shows  the  two 
sides  of  an  SC-cut  plate  etched  in  the  4:1  solu¬ 
tion  (  if  »  16  fDff)  ‘  The  Burfncc  roughness  of 
the  smoother  side  is  0.04pm,  the  rougher  side's  la 
0.08pm.  These  surfaces  are  therefore  smoother 
than  the  surfaces  of  AT-cut  plates  chemically  pol¬ 
ished  to  the  same  depth  in  saturated  NH4F.HF. 

According  to  Judge',  in  dilute  buffered  fluo¬ 
ride  solutions  the  species  determining  the  etching 
rate  of  SiOj  are  primarily  HFj  and  HF  (but  not  the 
free  fluoride  ion) .  Since  the  concentration  of 
these  species  vary  with  pH,  one  might  expect  that 
by  diluting  the  HF  with  water  instead  of  the  NH4F 
solution,  the  etching  kinetics  would  change  signif¬ 
icantly. 

When  the  HF  was  diluted  by  four  pares  water 
instead  of  the  NH^F,  the  resultant  11Z  HF  solution 
at  75°C  was  also  able  to  chemically  polish  both 
sides  of  SC-cut  plates,  aa  can  be  seen  in  Figure  12 
(  if  >  15.4  f.ff ) .  The  surface  roughneaaas  of  tha 
two  aides  are  0.04pm  and  0.07pm.  The  etching  times 
were  also  comparable,  2  hours  for  tha  4:1  solution 
vs.  2.5  hours  for  tha  11Z  HF.  However,  when  tha 
same  HF  concentration  was  prapared  by  diluting  tha 
HF  with  two  parts  NH4F  plus  two  parts  HjO,  the 
resultant  solution  produced  chemical  polishing  on 
ons  side  only. 

A  dilute  NH^F.HF  solution,  prapared  by  mixing 
one  part  by  weight  of  NH^F.HF  flakes  with  fiva 
parts  H2O,  was  also  able  to  chemically  polish  both 
sides  of  SC-cut  plates,  as  shown  in  Figure  13. 

The  etching  time  to  Af  -  15  f0ff,  at  75°C,  was 
approximately  3  hours,  vs.  30  minutes  to  stch  an 
AT-cut  plate  to  Af  -  15  f„ff  in  saturated  NH4F.HF. 
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The  etching  retee  were  slower  for  the  more 
dilute  solutions.  It  Is  more  difficult  to  deter¬ 
mine  the  etching  rates  for  the  chemical  polishing 
solutions  of  the  SC-cut  than  It  was  for  the  satu¬ 
rated  NH4F.HF.  Since  the  SC-cut 'e  polishing  solu¬ 
tions  are  not  saturated t  the  concentrations  change 
sure  rapidly  during  etching,  due  both  to  the 
etching  and  to  evaporation. 


The  gffects  of  Chemical  Polishing  on  Resonator 


AT-cut  Resonators 


TO  answer  the  question  of  whether  or  not  chem¬ 
ical  polishing  produces  an  Inherent  Q  degradation, 
a  group  of  biconvex  S  MHz  5th  overtone  AT-cut 
platos  were  etched  in  a  saturated  solution  of 
NH4F.HF,  at  75°C,  to  Af  “  15  f0ff.  Three  of  the 
resonators  were  fabricated  and  evaluated  at  Fre¬ 
quency  Electronics  Inc.  (FEI),  three  were  fab¬ 
ricated  and  evaluated  at  the  General  Electric 
Keutron  Devlcee  Dept.  (GEND)  end  three  were 
fabricated  end  evaluated  by  the  authors.  Some  of 
the  blanks  ware  Premium  Q  swept,  some  were  natural 
quarts.  FEI  measured  Q'e  of  2.7  x  10*.  2.5  x  10e 
end  2.1  x  10,  about  the  same  as  the  Q's  of  simi¬ 
larly  fabricated  resonators  made  with  cerium  oxide 
polished  blanks.  GEND  measured  Q's  of  2.1  x  10‘, 
2.1  x  10  end  1.2  x  10*,  and  the  authors  measured 
2.6  x  10\  2.4  x  10*  and  0.7  x  10*. 


An  attenpt  was  made  to  determine  the  cause 
of  the  low  Q  for  the  resonator  with  the  Q  of  0. 7  x 
10  .  An  SEM  examination  of  the  blank  surfaces, 
Figure  14,  revealed  an  approximately  300um  gouge 
near  the  center  of  one  of  the  electrodes,  plus 
sevsrsl  smaller  defects,  a  few  of  which  ere  also 
shown  In  Figure  14.  It  la  not  certain,  however, 
that  these  defects  produced  the  Q  degradation,  be¬ 
cause  when  the  blank  of  the  resonator  with  a  Q  of 
2.6  x  10  wee  similarly  examined,  several  less 
deep,  but  similarly  prominent  defects  were  revealed 
as  can  be  seen  In  Figure  15. 

More  work  needs  to  be  done  to  define  the 
relationship  between  blank  defects  and  Q  degrada¬ 
tion.  However,  the  feet  that  Q'e  as  high  as  2.7  x 
10  could  be  measured  indicates  that  the  chemical 
poilehlng  does  not  produce  an  inherent  Q  degrada¬ 
tion,  at  laast  not  at  5  MH*. 

Q1*  ••  high  as  980,000  have  alto  been  measured 
for  10  MHs  3rd  overtone  resonators  made  with  chem¬ 
ically  polished  (Af  -  15  f0ff),  14m  disaster, 

0.37  diopter  plano-convex  blank* .  This  Q  1*  com¬ 
parable  to  the  highest  Q  achievable  for  the  blank 
E*°metry  selected.  (The  0.37  diopter  contour  pro¬ 
vide*  the  minimum  resistance,  not  the  highest  0i *) 
b.  80-cut  Resonators 

A  group  of  four  5.3  MHs,  fundamental  mods, 
plano-convex  14mm  diameter  chemically  polished 
resonator#  were  fabricated.  The  contours 
war*  1.0  diopter  for  two  of  the  blanks,  2.5  diopter 
for  the  other  two.  The  blanks  were  etched  Af  -  15 
t0tf  in  a  5:1  solution,  at  75°C.  The  c-aoda  Q's 
were  1.2  x  10*.  1.1  x  10*.  1.0  x  10*  and  0.96  x 
10*  (the  b-mod*  Q'*  ranged  from  0.53  x  10*  to 
1.3  x  10  ).  The  c-mode  Q'e  ere  higher  thqn  the 


Figure  15  -  Blank  Defects  In  High  Q  Resonator 
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Q ' 8  we  have  been  able  Co  achieve  for  5  MHz  funda¬ 
mental  aodc  AT-cut  resonators  of  the  some  blank 
diameter,  regardless  of  surface  finish.  This 
Is  not  too  surprising  in  view  of  the  fact  that 
the  capacitance  ratios  of  SC-cut  resonators  are 
significantly  higher  thah  the  corresponding  AT- 
cuts'.  - 

C«  Etching  Bath  Concentration/Tomperature  Effects 

When  AT-cut  crystals  are  etched  in  satu¬ 
rated  solutions  of  NH^F.HF  at  temperatures  up 
to  75°C,the  etching  can  be  readily  monitored 
by  measuring  the  blank  frequencies  in  an  air  gap. 
However,  as  the  etching  bath  temperature  is  in¬ 
creased  to  sbove  80°C,  the  blank  activities 
frequently  decrease  so  drastically  that  it  be¬ 
comes  difficult  to  impossible  to  measure  the  fre¬ 
quencies  by  using  only  an  air  gap  and  a  crystal 
impedance  meter.  Even  when  the  modes  are  dis¬ 
played  on  an  oscilloscope,  using  a  microcircuit 
bridge  system1 1,  it  can  be  difficult  to  determine 
the  main  mode  frequency.  After  electrodes  were 
deposited  onto  such  low  activity  22  MHz  blanks, 
the  resonator  activities  showed  no  comparable  de¬ 
crease.  The  mode  spectrum,  however,  did  exhibit 
S  significant  degradation.  We  do  not  have  an 
explanation  for  these  phenomena. 

When  the  surface  topographies  of  the  low 
activity  blanks  etched  in  a  saturated  solution  of 
WtyF.HF  at  90°C  were  compared  with  the  high  activ¬ 
ity  blanks  stched  at  70°C,  no  significant  differ- 
snees  could  be  observed  in  either  the  SEM  micro¬ 
graphs  or  ths  profile  meter  scans. 

Both  concentration  and  temperature  appear  to 
play  a  role  in  producing  suppressed  activity.  For 
example,  when  AT-cut  crystals  are  etched  In  a 
saturated  solution  of  NH^F.HF  at  75°C,  the  crystal 
activities  remain  high.  If  the  solution  that  was 
saturated  at  75°C  is  heated  to  90°C  without  per¬ 
mitting  additional  NH.F.HF  to  be  dissolved,  then 
the  solution  does  produce  a  drastic  loss  of  act¬ 
ivity.  If  on  the  other  hand  a  dilute  solution, 
the  concentration  of  which  is  251  of  a  saturated 
solution's  st  75°C,  is  heated  to  90°C,  no  signif¬ 
icant  activity  loss  is  observed. 

Interestingly,  Wolfskin12  described  similar 
activity  anomalies  In  a  patent  application  filed 
in  1944.  He  had  studied  the  etching  of  AT-cut 
quarts  crystals  in  hydrofluoric  acid  as  a  function 
of  HF  concentration,  and  found  that  the  etching 
rate  was  maximum  at  40X  concentration.  He  also 
noted  that  "...concentrations  less  than  40X  pro¬ 
duce  the  highest  quality  crystala,  while  concen¬ 
trations  as  high  as  60Z  tend  to  impair  the  quality 
of  the  cryctaxs..."  The  activity  of  crystals 
decreased  with  increasing  depth  of  etching  for 
concentrations  above  40X.  The  rate  of  decrease 
Increased  with  Increasing  concentrations.  For 
concentrations  above  60X  he  observed  a  permanent 
reduction  of  activity  immediately  upon  Immersing 
the  crystals  in  the  etching  solution.  For  these 
higher  concentration  solutions,  the  activity  versus 
temperature  curves  were  also  "extremely  erratic". 


whereas  for  concentration  below  40X,  no  such 
anomalies  were  observed . 


Conclusions 

Etching  solutions  capable  of  chemically  pol¬ 
ishing  SC-cut  quartz  plates  have  been  found. 
Chemical  poliehing  can  be  a  simple,  inexpensive 
batch  process.  If  good  quality  quartz  plates  are 
used,  the  process  can  provide  high  yields,  with 
no  significant  Q  degradation  at  least  up  to  10  MHz. 
Chemical  polishing  produces  plates  of  extremely 
high  strength1,  which  reduces  yield  losses  due  to 
breakage  during  processing  and  provides  the  res¬ 
onators  with  extremely  high  shock  resistance. 

The  process  also  xeveals  defects  in  the  quartz  due 
both  to  material  defects  and  surface  finirhing 
defects.  Tt  thereby  should  also  minimize  the 
contribution  of  such  defects  to  resonator  insta¬ 
bilities  and  failures.  The  etching  solutions 
which  produce  a  very  smooth  surface  on  one  side 
of  doubly  rotated  plates  and  a  rough  surface  on 
the  other  side  may  be  useful  for  the  chemical 
polishing  of  doubly  rotated  surface  acoustic 
wave  (SAW)  devices,  since  for  SAW  devices  a  rough 
surface  is  generally  leslred  on  one  side  of  the 
plate. 

Since  the  etching  solutions  capable  of  chem¬ 
ical  polishing  the  SC-cut  are  not  saturated,  it 
is  more  difficult  to  control  the  etching  rates. 

The  quantity  of  etchant  in  solution  decreases  as 
the  etching  progresses,  however,  if  an  open  etch¬ 
ing  container  io  used,  the  etchant  concentration 
can  increase  due  to  water  evaporation.  For 
example,  the  partial  pressure  of  HF  over  a  10X 
HF  solution  at  80°C  is  4.5  torr,  whereas  the 
partial  pressure  of  H^O  over  the  same  solution 
is  312  torr1*. 

HF  can  be  a  major  health  hazard.  The  hazard 
can  be  minimized  by  taking  adequate  precautions 
in  storage  and  handling,  using  appropriate  clean¬ 
up  measures,  and  by  properly  dealing  with  exposure 
situations. 
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